Introduction
Etiolated leaves of higher plants acquire the ability to photosynthesize during prolonged irradiation. At the same time, profound morphological and chemical changes occur in the leaf plastids (10) . Among these are qualitative and quantitative changes in protein content. Percent protein contained in the plastid fraction of Cichorium (6) and protein content per plastid of Phaseolus (27) increases on prolonged irradiation of etiolated leaves. Increases also occur in TPN glyceraldehyde-3-P dehydrogenase (3, 11) , PPNR4, transhydrogenase (20) , ribulose-1,5-di P carboxylase (12) , and alkaline fructose-1,6-diphosphatase (33) . In contrast, synthesis of cytoplasmic DPN glyceraldehyde-3-P dehydrogenase is not dependent on light (3, 11) .
Evidence was presented in a previous paper that insoluble chloroplast enzymes necessary for light-dependent electron transport also might be formed in response to irradiation of etiolated leaves (25) . 1 Received Oct. 11, 1963 . 2 Published with the approval of the Secretary of the Smithsonian Institution. 3 Research was supported in part by funds provided by United States Atomic Energy Commission Contract AT(30-1) 2373. 4 Abbreviations: DPI P, 2,6-dichloroindophenol; EDTA, ethylenediaminetetraacetate, sodium salt; PMS, phenazine methosulfate; PPNR, photosynthetic pyridine nucleotide reductase; and TPIP, 2,3', 6-trichloroindophenol.
Chloramphenicol completely inhibited development of photosynthetic activity, but not cholorphyll synthesis. A grana-containing fraction from these leaves lacked ferricyanide Hill reaction activity. The present work includes studies of the effect of chloramphenicol on the synthesis of leaf and chloroplast protein and a more extended study on partial reactions of photosynthesis in leaves and intact plastids.
Materials and Methods
Growth of Plant Materials. Leaves of 6-day old etiolated Phaseolus vulgaris (L.) var. Black Valentine were treated with chloramphenicol, and irradiated with white light as described previously (25) . In some experiments antibiotic was applied to detached leaves (tables I and V), and in others to intact plants (tables II-IV).
Measurement of Soluble Leaf Enzymes. Glyceraldehyde-3-P dehydrogenase was determined as TPN reduction dependent on glyceraldehyde-3-P. A 1 to 2 gram sample of leaves was weighed and the leaves counted. Homogenates were prepared by grinding these in a mortar and pestle and then in a Tenbroeck tissue homogenizer with 10 ml of 0.025 M Tris, 0.01 M EDTA, and 0.01 M mercapthoethylamine, pH 8.5. The homogenate was centrifuged at 100,000 X g for 1 hour, the supernatant fraction filtered through Whatman No. 1 paper, heated 2 minutes at 60-65°(11), recooled in ice, and a sample assayed. The assay was started by addition of 0.7 ,umole of D-glyceraldehyde-3-P to a reaction mixture Ribulose-1,5-di P carboxylase was determined by measuring formation of glyceric acid-3-P dependent on ribulose-1,5-di P. Leaves were homogenized with 10-4 M EDTA and 10-2 M Na phosphate, pH 7.4, centrifuged as described, and the supernatant assayed immediately for carboxylation activity (40) . The glyceric acid-3-P formed was determined by measuring oxidation of DPNH in a system containing ATP, commercial preparations of glyceraldehyde-3-P dehydrogenase, and glyceric acid-3-P kinase (4). Ribulose-1,5-di P was prepared from ribose-5-P and ATP with a crude preparation of phosphoribulokinase which contained phosphoriboseisomerase (18) , and was isolated as the barium salt by ethanol precipitation after removal of nucleotides with charcoal (15) . The barium salt was converted to the sodium salt for assays. Protein contents of extracts were determined (24) after precipitation with tungstic acid.
Protein Content of Leaves. One to 2 gram samples were extracted with boiling 80 % ethanol, boiling ethyl ether, and the residues were homogenized in water with a Tenbroeck tissue grinder. A sample of suspension was extracted with hot trichloroacetic acid to remove nucleic acids (34) . The residues were digested with sulfuric acid containing copper selenite as catalyst, and the ammonia formed was determined with Nessler's reagent (21, 39) .
Protein Content of Plastids. Samples of plastids were extracted twice with 10 % trichloroacetic acid, the residues digested, and ammonia formed determined by nesslerization. Other samples of the same plastid suspension were taken for determination of number of plastids (27) and chlorophyll (1) .
The plastids were obtained by differential centrifugation of a leaf homogenate prepared by grinding leaves in 0.4 M sucrose, 4 % (w/v) formaldehyde (27) , and 0.05 M Na phosphate, pH 7.0. Plastids were further purified by centrifugation in a density gradient prepared by varying the sucrose concentration of the above solution (28) . The plastids from greened leaves were found largely in the upper part of the layer that corresponded to a density of 1.21 before smoothing. A second but smaller band of plastids was found at a density of 1.26 (17) . A purified preparation of PPNR was used in assays for photoreduction of TPN. Crude (acetone precipitate extract) PPNR (30) has TPNH oxidizing activity, which was removed by further purification of the enzyme on diethylaminoethyl cellulose (14) . Photosynthetic phosphorylation was assayed with PMS as cofactor (17) . Phosphate esterification was determined as conversion of radioactive Pi to organic phosphate (2) . Photoreduction of 02 was followed manometrically (26 
Discussion
Dezvelopnen t of Photosynthesis and Proteini, SYntllesis. Although chloramphenicol has been established as a specific inhibitor of protein synthesis in bacteria, a comparable bodly of information on its effects on higher plants has not been available. It has now been demonstrated that chloramphenicol inhibits leaf and chloroplast protein synthesis and increase in the activity of a chloroplast-containle(d phot)-synthetic enzynme ( 13, 33, 35) ribulose-1,5-di P carboxylase. These results lend credlence to the suggestion that chloramphenicol acts to prevent light-dependent synthesis of photosynthetic activity of leaves by preventing protein synthesis (25) .
Light-dependent increase of another chloroplastcontained photosynthetic enzyme, TPN linked glyceraldehyde-3-P dehydrogenase, is not affected by the antibiotic. However, this differential effect is not without precedent since it has been observed that suitable concentrations of chlloramphenicol inhibit formation of some enzymes but not others during growth of Esclherichlia coli (36) . Partial tivity of leaves and plastids, can be explained similarly as the result of complete inhibition of synthesis of some chloroplast proteins and lack of, or partial inhibition of, others. Similarly, inhibition of development of photophosphorylation and Hill reaction activities by chloramphenicol can be explained as complete inhibition of synthesis of one or more proteins necessary for these reactions. This implies that plastids of etiolated leaves lack at least one protein component which is tightly bound to the chloroplast and is necessary for generation of TPNH and ATP.
Inability of plastids from treated leaves to generate TPNH and ATP fully explains the inability of intact leaves to photosynthesize. Both the inability of treated leaves to photosynthesize (25) , and the increase in yield of chlorophyll fluorescence (fig 1) , indicate that the deficiencies of isolated plastids represent deficiencies present in vivo rather than artifacts produced by the isolation procedure. Isolated plastids from treated leaves have about 10 % the activity of controls in photosynthetic phosphorylation and the TPN Hill reaction. Similarly, treated leaves have about 10 % of the photosynthetic activity of controls (Margulies, unpublished) . Thus, inhibition of development of ability to generate ATP and TPNH fully accounts for the observed inhibition of development of photosynthetic activity of leaves. The 25 % deficiency in protein of treated plastids, and deficiencies of plastids in photosynthetic reactions, suggest the possibility that more than one protein component is absent.
It has recently been reported that chloramphenicol is inhibitory to photosynthesis (22) . In a previous publication (25) 
Summary
Chloramphenicol partially inhibits formation of leaf and plastid protein that occurs when etiolated leaves are irradiated with white light. The accompanying increase in leaf ribulose-1, 5-di P carboxylase activity also is inhibitedl, but that of TPN glyceraldehy(le-3-P dehydrogenase is not affected. Plastidls from chloramphenical treated leaves (lo not carry out either cyclic photophosphorylation in the presence of phenazine methosulfate or Hill reactions with dichlorophenolindophenol, ferricyanide or TPN even though they contain chlorophyll. They photoreduce 02 but not TPN when reduced 2, 6-dichloroin(lophenol is providedl. Chloramphenicol has no effect on the location of the reel absorption band of leaves nor on the wavelengths at whiclh action peaks for chlorophyll fluorescence occur. However, treatedl leaves have a greater fluorescence yield. The action of chloramphenicol can be explained as a selective inhibition of synthesis of particular proteins. Some plastid development is not affected. It was concluded that plasti(ds of etiolate(d leaves lack one or more proteins needed for light-dependent formlation of TPNH and ATP.
